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(54) HIGH SPEED SWITCHING CIRCUIT 



(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce current consumption by using a 
connecting point between the emitter and collector of transistors(TRs) A, B as an 
output, providing a prescribed voltage drop circuit between the collector and a 



base and applying a signal to the base of the TRA so as to operate the switching 
circuit at a high speed. 

SOLUTION: A collector of a TR Q2 connects to a power supply Vcc via a resistor 
R1 , its emitter is connected to a collector of a TR Q3, and to a base of a TR Q1 
an each emitter of the TRs Q3, Q1 is connected to ground. Furthermore, the 
collector of the TR Q1 is used for an output Vout and connects to a power supply 
Vc via a resistor RL, a base of the TR Q2 is used for an input terminal IN, to 
which a signal to inputted. A constant voltage drop circuit (D1, D2) whose voltage 
drop is higher than a collector-emitter voltage of the TR Q2 and a capacitor Csp 
are provided between the collector of the TR Q2 and the base of the TR Q3. 
Thus, the switching circuit is operated at a high speed by one input signal and 
the current consumption is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st transistor from which the end of the 1st resistance (R1) is 
connected to a collector, and the base serves as an input edge (Q2), The 2nd 
transistor by which a collector is connected to the emitter of said 1st transistor 
(Q2) (Q3), The constant-voltage drop circuit connected between the collector of 
said 1st transistor, and the base of said 2nd transistor (D1 and D2), The 3rd 
transistor from which the end of the 2nd resistance (RL) is connected to a 
collector, the base is connected at the emitter of said 1st transistor, and the node 
between collectors of said 2nd transistor, and a collector serves as an outgoing 
end (Q1), The current supply means connected to the other end of said each 1st 
and 2nd resistance, and the emitter of each of said 2nd and 3rd transistors (Vcc 
and Vc), The high-speed switching circuit set up so that the drop electrical 
potential difference in a preparation and said constant-voltage drop circuit may 
become larger than the electrical potential difference between collector emitters 
of the 1st transistor at the time of the flow of said 1st transistor. 
[Claim 2] Said constant-voltage drop circuit is a high-speed switching circuit 
according to claim 1 characterized by what is constituted among diode, zener 
diode, and a transistor using either at least. 

[Claim 3] Said the 1st thru/or 3rd transistor is a high-speed switching circuit 



according to claim 1 characterized by what is been an NPN transistor. 
[Claim 4] The high-speed switching circuit according to claim 1 characterized by 
what speed up capacitor is connected to said constant-voltage drop circuit and 
juxtaposition for. 

[Claim 5] the 1st power source (Vcc) with which said current supply means 
supplies the 1st supply voltage between the other end of said 1st resistance, and 
said 2nd transistor emitter, and the 2nd power source (Vc) which supplies the 
2nd supply voltage between the other end of said 2nd resistance, and the emitter 
of said 3rd transistor - since -- the high-speed switching circuit according to 
claim 1 characterized by what is become. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the high-speed 
switching circuit aiming at improvement in the speed of the switching operation of 
an open collector output circuit about a transistor switching circuit. 
[0002] 



[Description of the Prior Art] The example of the conventional switching circuit is 
explained with reference to drawing 3 . In this drawing, if the switching circuit 
shows the case where it connects in the medium of a 3-volt electrical power 
system circuit and a 5-volt electrical power system circuit and divides it roughly, it 
is constituted by the emitter-follower circuit and open collector output circuit used 
as a buffer, an emitter follower circuit - NPN transistor Q2 of a grounded 
collector format, and transistor Q2 The resistance R1 connected to a collector, 
and transistor Q2 the resistance R2 connected to an emitter - be alike is 
constituted. Transistor Q2 Supply voltage Vcc, for example, the electrical 
potential difference of 3 volts, is impressed to the ends of the emitter follower 
circuit where a signal is impressed to the base from the 1st power source which 
is not illustrated. 

[0003] a collector output circuit is connected to the output transistor Q1 of a 
grounded emitter, and its collector -- load-resistance-RL and be alike is 
constituted. Transistor Q1 The base is a transistor Q2. It connects with a 
collector and the node of load resistance RL and a transistor Q1 serves as an 
outgoing end. Supply voltage Vc, for example, the electrical potential difference 
of 5 volts, is impressed to the ends of a collector output circuit according to the 
2nd power source which is not illustrated. 

[0004] When an input signal IN is a high level in this configuration, it is a 
transistor Q2. It flows and they are an emitter current and resistance R2. Bias of 
between the base emitters of a transistor Q1 is carried out by the electrical 
potential difference to generate, and it is a transistor Q1 . It flows. Consequently, 
an outgoing end serves as touch-down level, and is an output signal VOUT. It is 
set to a low (0 volt of abbreviation). Moreover, when an input signal IN is a low, it 
is a transistor Q2. It is un-flowing and is a transistor Q1 . Since bias of between 
base emitters is not carried out, it is a transistor Q1. It is un-flowing. 
Consequently, an outgoing end minds Resistance RL and is a power source Vc. 
It connects and is an output signal VOUT. It is set to a high level (5 volts of 
abbreviation). 



[0005] It is the output signal VOUT in case drawing 4 shows the example of a 
switching waveform of the above-mentioned switching circuit and, as for this 
drawing (a), an input signal IN changes from a high level to a low. The response 
is shown. 50% falling value of an input signal IN to output signal VOUT 74nS 
extent important point of the time amount tp LH to a start value is carried out 50%, 
for example. This drawing (b) is the output signal VOUT in case an input signal 
IN changes from a low to a high level. The response is shown. 50% start value of 
an input signal IN to output signal VOUT The 2.6nS extent important point of the 
time amount tp HL to a falling value is carried out 50%, for example. 
[0006] By the circuitry shown in drawing 3 , it is a transistor Q1. When changing 
from ON at OFF, it is resistance R2. It minds and is a transistor Q1. In order to 
discharge the charge accumulated in the base, as shown in drawing 4 (a), delay 
arises in actuation. Resistance R2 If a value is set up low, the consumed electric 
current of an emitter follower circuit increases, and a response is not desirable, 
although improved. 

[0007] Drawing 5 gives the same number to the circuit which shows other 
conventional examples and is shown in drawing 3 , and a corresponding part, 
and explanation of this part is omitted. 

[0008] Resistance R2 shown in drawing 3 in the circuitry of this drawing NPN 
transistor Q3 It is replacing. When it carries out like this, it is a transistor Q3. 
Transistor Q1 The charge accumulated in the base is sucked up. 
[0009] Drawing 6 (a) and ** (b) are the output signal VOUT of the conventional 
example shown in drawing 5 . The response characteristic is shown. In the 
circuitry of this example, tp LH serves as abbreviation 18nS, tp HL serves as 
abbreviation 2.6nS, and a response characteristic is improved. 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the circuitry of drawing 3 , 
it is a transistor Q2. And Q3 Input signal IN1 with which a wave changes 
complementary in order to make it operate complementary And IN2 Two kinds 
are required. For this reason, a complementary signal generating circuit is 



needed separately, and the need of moreover doubling the timing between both 
signals with accuracy in a switching circuit arises. 

[001 1] Therefore, this invention aims at operating at a high speed with one input 
signal, and offering a high-speed switching circuit with little consumed electric 
current. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned object, 
the high-speed switching circuit of this invention The 1st transistor from which the 
end of the 1st resistance (R1) is connected to a collector, and the base serves as 
an input edge (Q2), The 2nd transistor by which a collector is connected to the 
emitter of the 1st transistor (Q2) of the above (Q3), The constant-voltage drop 
circuit connected between the collector of the 1st transistor of the above, and the 
base of the 2nd transistor of the above (D1 and D2), The 3rd transistor from 
which the end of the 2nd resistance (RL) is connected to a collector, the base is 
connected at the emitter of the 1st transistor of the above, and the node between 
collectors of the 2nd transistor of the above, and a collector serves as an 
outgoing end (Q1), The current supply means connected to the other end of each 
1st and 2nd above-mentioned resistance, and the emitter of each 2nd and 3rd 
transistors of the above (Vcc and Vc), It is set up so that the drop electrical 
potential difference in a preparation and the above-mentioned constant-voltage 
drop circuit may become larger than the electrical potential difference between 
collector emitters of the 1st transistor at the time of the flow of the 1st transistor 
of the above. 

[0013] According to this configuration, it is a transistor Q2. When not flowing, it is 
a transistor Q2. A collector serves as high potential. Transistor Q3 The base is a 
transistor Q2. Bias is carried out to the potential which fell by the voltage drop 
component from collector potential. Transistor Q3 It flows and is a transistor Q1 . 
The base is grounded and it is a transistor Q1. It is made un-flowing. 
[0014] Moreover, transistor Q2 When it is a flow, it is a transistor Q1 . A high level 
is impressed to the base and it is a transistor Q1. It flows. Transistor Q2 A 



collector serves as low voltage. Transistor Q3 The base is a transistor Q2. From 
low collector potential, it falls by the voltage drop component, and depends, bias 
is carried out to low potential, and it is a transistor Q3. It is un-flowing. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to a drawing. Drawing 1 shows the example of a 
switching circuit of this invention, and gives the same sign to the corresponding 
part with drawing 1 in this drawing. 

[0016] Between the 1st power source Vcc and touch-down, they are resistance 
R1, NPN transistor Q2, and NPN transistor Q3. It connects with a serial mutually. 
The 2nd power source Vc Between touch-down, they are Resistance RL and a 
transistor Q1 . It connects with a serial mutually. Transistor Q2 An emitter and 
transistor Q3 A node with a collector is a transistor Q1 . It connects with the base. 
[0017] furthermore, resistance R1 And transistor Q2 A node and transistor Q3 
between the gates ~ diode D1 And D2 from ~ the becoming constant-voltage 
drop circuit is prepared. The transistor and zener diode by which diode 
connection is made can constitute a constant-voltage drop circuit. Moreover, it is 
possible to combine this etc. A capacitor is connected to this constant-voltage 
drop circuit and juxtaposition, and it is made to function as the so-called speed 
up capacitor. 

[0018] Transistor Q2 The base is connected to an input edge and the node of 
Resistance RL and the collector of a transistor Q1 is connected to an outgoing 
end. 

[0019] When an input signal IN is a high level (H) in this configuration, it is a 
transistor Q2. It flows. By this, it is a transistor Q1. Base current is supplied to the 
base and it is a transistor Q1 . It flows. At this time, it is a transistor Q1 . And Q3 
The electrical potential difference between base emitters, respectively Vbe (Q1) 
and Vbe (Q3), Transistor Q2 They are Vce (Q2 ON), diode D1 , and D2 about the 
electrical potential difference between collector emitters (switch-on). If a forward 
voltage drop is set to VF (D1) and VF (D2), respectively Transistor Q2 In a 



collector Vbe(Q1)+Vce (Q2 ON) <Vbe(Q3)+VF+(D1) VF - (D2) (1) VF (D1) of 
diode and VF (D2) are set up so that it may become. 

[0020] Here, they are diode D1 and D2. It is VF about a forward voltage drop VF 
(D1) and VF (D2). It is (1) when it carries out. Formula Vbe(Q1)+Vce (Q2 ON) 
<Vbe(Q3)+2VF -- (2) if [ again ] Vbe(Q1) =Vbe (Q3) -- a part for the voltage drop 
of a constant-voltage drop circuit -- 2VF(s) Transistor Q2 Electrical potential 
difference Vce (Q2 ON) between collector emitters (switch-on) By setting up 
greatly, it is the above (1). A formula can be formed. In this condition, it is a 
transistor Q3. Between base emitters, it is a transistor Q3. In order not to give the 
electrical potential difference Vbe between base emitters required for a flow, it is 
a transistor Q3. It is un-flowing. 

[0021] On the other hand, it is a transistor Q2. When the input signal IN to the 
base changes from a high level to a low, it is a transistor Q2. It is un-flowing, 
base current is severed, and it is a transistor Q1. It is un-flowing. Transistor Q2 
The collector potential of a transistor Q2 rises by un-flowing, and they are diode 
D1 and D2. It minds and is a transistor Q3. Since the applied voltage to the base 
is increased, it is a transistor Q3. It flows. Transistor Q2 Collector potential is 
Vbe(Q3)+VF+(D1) VF =(D2)3VF. It becomes and is a transistor Q3. Since bias of 
the base is carried out to the forward direction, it is a transistor Q3. A flow is a 
transistor Q2. It is held during an "off" period. 

[0022] Transistor Q3 By flow, it is a transistor Q1 . The base is grounded without 
minding resistance, the stored charge of the base is drawn out quickly, and it is a 
transistor Q1 . The actuation to the OFF from ON is accelerated. 
[0023] Moreover, speed up capacitor Csp, for example, the capacitor connected 
to a 5pF voltage stabilizer and juxtaposition, is a transistor Q2. Un-flowing and 
transistor Q3 When it is switch-on, it is electrical-potential-difference 2VF of diode 
ends. Forward is stored in an upside and negative charge is stored in the bottom, 
transistor Q2 if it will be in switch-on - capacitor Csp-> transistor Q2 -> transistor 
Q3 collector -> - said - the base -> capacitor Csp and a current - flowing - 
transistor Q3 the base - the current of hard flow - giving - transistor Q3 Cutoff 



is brought forward. 

[0024] Drawing 2 (a) and this drawing (b) show the response characteristic of an 
example. As shown in drawing 2 (a), ON -> OFF actuation of an open collector 
output circuit is improved from 74nS(s) of a circuit to about 18 nS(s) 
conventionally which is shown in drawing 3 . Moreover, even if it is actuation by 
the single input signal, the same response characteristic as the case of the push 
pull actuation by two complementary signals of other conventional examples 
shown in drawing 5 has been acquired. 

[0025] Therefore, in this invention, it can operate at a high speed with one input 
signal, and a high-speed switching circuit with little consumed electric current can 
be offered. 

[0026] In addition, in the example, although two power sources, 3 volts and 5 
volts, are used, this invention is applicable also to the circuit which operates 
according to a single power source. Moreover, at an example, it is a transistor Q1. 
Resistance RL is connected to a collector and it is an outgoing end VOUT. 
Although the voltage signal has been acquired, Resistance RL is transposed to a 
load and it is a transistor Q1 about this. Considering as the configuration to drive 
is possible. 
[0027] 

[Effect of the Invention] As explained above, according to the high-speed 
switching circuit of this invention, it becomes possible to operate at a high speed 
with one input signal, and to obtain a high-speed switching circuit with little 
consumed electric current. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram explaining the example of a configuration of the 
high-speed switching circuit of this invention. 

[Drawing 2] It is a graph explaining the response characteristic of the high-speed 
switching circuit of this invention. 

[Drawing 3] It is a circuit diagram explaining the configuration of the switching 
circuit of the conventional example. 

[Drawing 4] It is a graph explaining the response characteristic of the switching 
circuit of the conventional example. 

[Drawing 5] It is a circuit diagram explaining the configuration of the switching 
circuit of other conventional examples. 

[Drawing 6] It is a graph explaining the response characteristic of the switching 

circuit of other conventional examples. 

[Description of Notations] 

Q1, Q2, Q3 NPN transistor 

R1, R2 Resistance 

RL Load resistance 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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fcthtblzlK), _kJE(l) ^Jfct§^cfc#T§ 



<tx-x £ w& l t b 7 y y x ? q 1 rJi'^iui; 
[0014] s/i. b^yyx^Q2 h 
^yy'x^Qi to<-xti5y<;^'Epjii§ii, i^y 
yx^Qi s^^ii-rs. h^yy'x^Q2 cony??ii 
b^yyx^Q3 o^-xiib^yyx 
?Q2 com^y??mm^ms.m r m^{&TLtz 

[00 15] 

-zmmzgmLxmw-tz. mm. ^.wmxA-^ 
ymm\^Lxm. nm\,z^xmibnm^ 

[0016111 0€?HVcctg»1t. ffiSRl . N 

PNh7yy'x^Q2 , NPNh5yy'x^Q3 
izm<Hzmm%ti&„ ®2^mjgvc tsw^ set 

^yyx^Q2 toxs >y ^ t h^yy'x^ Q3 tony? 
* i: tf*Sttj£# h 5 y yx ? Qi c^-^ t«SR§ ti 

So 

[00 17] JgtA ffiftRl sv>9yy^?Q2 

fibs b h 7 y yx f Q3 coy- v b comzyj v d 
1 mm frb%hnwmTmm.nt>tik. s« 
imTmmz. yj*-vwM$tiz> h?yyx?^y 

x F K ± -3 T SfiSct Sit **f # S . * 

-b'T-yTnyry-f ^ tTK§itT^I> 0 

[0018] h^yyx?Q2 co<-x{±A^st©^ 
$*u jg^RLfc b^yy'x^Qiorjy^^tsoS^ 

[0019] ^sflifigtijv^r. A*m# 1 N^'sy 

( H ) X'fohb % . I- 5 y y'x ? Q2 (iHS'tS . 
ifttioT, h^yy'x^Qi wK-xc^-xis 
*w§tLTh^yyx?Qi i»a^-i> 0 
h^yy'x^Qi sy'Q3 co<-x ■ xs - y ?r H imJ±^ 

2c*Vbe(Ql)&tfVbe(Q3h b7yy'X?Q2 tony? 

? ■ xs> 7 ?r H imj± ^v ce (Q2 ^y) . ^ 

>f^--FDl . D2 ^)I^mJ±^T^ A^? VF (D 
1) . VF (D2) fc-f&iy h^yy'X^Q2 

+ VF (Dl) +VF (D2) ■■■ (1) 
JBTFVF (Dl) . VF (D2) £VF ft it. (D S 

a. 

+ 2VF ■■■ (2) 

5. £<7>*t©Tti. h?yi/X?Q3 COK-X ■ XS -y 
9T^z. h yyyx?Q3 comWlZim^-x ■ xs 

vmmmvbezs-i^fzbb. h?yyx?Q3 \m 
wmttzh. 



(4) 
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[002 1]-J, b7V>''^^Q2 tfO^-^A^DA* 
fl^f- 1 N^'Sl^k^jMfil^WoS^f £ ]- ^ y 
i?X 9 Q2 £ ft >9 , <-X«iIj5WcixT h 7 

yy'X^Ql t#>»fflfcftl> 0 h7>^'X^Q2 <7)#« 

Mt;J;-oTb7y^^Q2«3^^^mfiii±#L. 

^^--KDl , D2 ZftLXhyyi>X?Q3 COK- 

ifrfSo h?y : JX?Q2 <D?\/7?nmZ. Vbe(Q3) 
+ VF (Dl) +VF (D2) =3VF hftO, h^y^X 

? Q3 ^-.x^'jilftfj ft fc; H § ti§ arc V =y y V 
[0 0 22] h?y ; JX?Q3 ^ilfcioT, h7>- 

[0 0 2 3] ttz. Xt-KT773yf>t. Mi If 

5 pFcoMWE.m%tmuzmmztifz*^^y?csp 

li, h^y^x^Q2 h 5^***03 *«W 

afilftJB ft h \i^*n%,9Q,sr+yjvVx9Qa 
^hyy'Jx^Q3 coau? ?^mK-x^^J^? 

^tt?I^4it b7y^x^Q3 wiicBf*^)*. 

[ 0 0 2 4 ] 02 ( a ) ( b ) {i, MW^OJE 

gfifttfciSLT^S. 02 (a) 15*3*1.4 .£ 3 £, 

-ry 3 u ? ? mti ®me>* y^?mmm 3 

ft*@B<97 4nSj&>£,#«Jl SnS^fc&HSftS. £ 

ffi^^*Mofgffl wft 2 mm^iz z&TvisjL rum 



[00 2 5 ] i^t, *ffiHjT(± 1 oOA^fl^T"ft}I 
[ 0 0 2 6 ] ftfc , H»jT1i, 3 tf'/P h t 5 #tV V CO 

m£i>*m&*mi-s>z.b&'t:*i. ttz. mum 

[0027] 

U MW^^ft^SSx^ «y^y^0jS^# 
S^fc^t^ft-g.. 
[0M«fS4ift!^] 

[01 ] >y^y?m^fSfiS£MW>l 

[02] *nw^iSBa^>f yf-y^EB^jKSJmssit 

[1213 3 f ^,+> /^^)ffibJc*jMN-^^ 

&0-C&&. 

[04] fls#0im>r >y^y^0^jtE^#tt^iM0^ 

[05] ffitf>fl£*Wtf>*>f v^y^'HUS^ffifiScSrlM^ 

[0b] I'll- >i;mm >* r <-f; /re >i,tm5tt*-us 

Ql , Q2 , Q3 NPNh^yy'X^ 
Rl , R2 ffift 

rl mtm 



[01] 



[02] 



[03] 




tpl-H* 18.0ns 
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tpLH^74ns 
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